spontaneously formed preneoplastic lesions (8). PPs were The Syrian hamster embryo (SHE) cell system was used to more recently shown to act through the nuclear peroxisome evaluate the ability of two hepatocarcinogenic structurally proliferator-activated receptor (PPAR), whose role still remains related peroxisome proliferators (PPs) to induce morphoto be elucidated (9). A haPPARγ has recently been isolated in logical transformation (MT) of SHE colonies and to inhibit the hamster (10).
gap junctional intercellular communication (GJIC). Clo-
Besides their mechanism of toxicity, the problem for such fibrate and methyl clofenapate (MCP), which was shown non-mutagenic compounds is the search for in vitro models to to be a more active PP and a more potent carcinogen investigate some of the properties involved in their carcinoin vivo than clofibrate, were compared. MCP appeared genicity in vivo. In the present study, we evaluated the slightly more active in vitro than clofibrate in affecting MT predictive capacity of an in vitro system using Syrian hamster and GJIC of SHE cells. The morphological transformation embryo (SHE) cells to detect the carcinogenic potential of of SHE colonies was induced by 50 µM MCP, against clofibrate and methyl clofenapate (MCP), two PPs hepatocarci-100 µM clofibrate. Moreover, 50 µM MCP potentiated the nogenic in the rat (7,11). Two end points were investigated,
transforming effects of both benzo[a]pyrene and 12-Omorphological transformation (MT) of colonies and inhibition tetradecanoylphorbol-13-acetate. The inhibition of GJIC, of intercellular communication. measured by transfer of lucifer yellow, was transient
The SHE cell MT assay, which uses early passage normal and occurred at concentrations inducing morphological diploid cells, is assumed to closely mimic some of the first transformation. MCP inhibited dye transfer at 50 µM and steps of the carcinogenic process occurring in vivo (12) (13) (14) (15) (16) (17) (18) . the inhibition lasted up to 24 h at 100 µM.
Inhibition of
The SHE model has been shown to detect genotoxic as well communication lasted only 4 h with clofibrate and occurred as non-genotoxic carcinogens (12, 16, (19) (20) (21) . The SHE cell at a higher concentration (175 µM). This study showed transformation assay is one of the few primary cell transformathat both the SHE cell transformation and dye transfer tion systems in use (22). assays were able to display the different activities of the Gap junctional intercellular communication (GJIC) is two PPs, even though the difference in potency observed important for the maintenance of tissue homeostasis and was smaller than in vivo. It also revealed interactions differentiation, and both positive and negative growth regubetween non-genotoxic carcinogens and the ability of the latory signals have been shown to pass through gap junction SHE cell transformation assay to detect these combined channels (23). Many tumor promoters or non-genotoxic carcieffects.
nogens inhibit GJIC (24) . The relationship between MT and inhibition of GJIC was clearly demonstrated in the BALB/ Introduction c3T3 system (25, 26) , however, the results obtained on SHE cells are more conflicting (27) (28) (29) . Peroxisome proliferators (PPs*) are chemicals which induce Clofibrate and MCP are two structurally related PPs which hepatomegaly and peroxisome proliferation in rodents (1,2).
were initially developed for the treatment of hyperlipidemia. These chemicals include structurally diverse compounds such It has been shown in vivo that MCP is more effective than as phthalate ester plasticizers and hypolipidemic drugs (2).
clofibrate in inducing hypolipidemia, peroxisome proliferation The oral administration of PPs in long-term experiments (30) and hepatocarcinogenesis (7). Indeed, Reddy et al. (7) resulted in hepatocellular carcinomas in rats and mice (2-5).
showed that 1000 p.p.m. MCP daily administered to F344 rats Hepatic PPs were considered as a class of non-genotoxic induced 100% liver tumors after 75 weeks, while 5000 p.p.m. carcinogens (3), since a direct interaction with DNA could not clofibrate were needed in rats to obtain the same response, be shown. In addition, no positive results could be registered 90% tumor incidence (31) . Clofibrate has been shown to when PPs were tested in vitro for their genotoxicity (4,6).
induce SHE cell transformation (32, 33) . In contrast, MCP has not been tested in vitro. We compared the transforming 
Results

SHE cell morphological transformation
Clofibrate and MCP were tested in three independent experiments at concentrations ranging from 50 to 150 µM. At higher concentrations a cytotoxic effect was observed.
Clofibrate applied alone at 100 and 150 µM increased the MT of SHE colonies. A significant increase in the transformation frequency, reaching 0.7%, could be observed at 150 µM clofibrate in the medium applied for 6 days without renewal. intercellular communication for these substances. Clofibrate
After two applications of clofibrate, a transforming frequency and MCP have previously been poorly investigated for GJIC; of 0.7% was obtained at 100 µM; at 150 µM the increase in the only models used were V79 cell lines for MCP tested at MT colonies was not statistically significant (Table I ). After very low concentrations (34) and initiated keratinocytes for three applications of clofibrate, the transformation frequency clofibrate (35) . was 0.6% at 100 µM; it was not statistically significant at 150 µM, in spite of an increased number of transformed and 0.7% respectively at the same concentration (Table II) .
Cell culture
When the medium was renewed on days 3 and 5, a significant Primary cell cultures of Syrian hamster embryos at 13 days gestation were increase in MT colonies was registered at 50 µM MCP and prepared and cryopreserved in liquid nitrogen as described by Pienta et al.
followed a dose-effect relationship. MCP potentiated the potentiated when cells were sequentially exposed to 50, 100
SHE cell transformation assay
and 150 µM MCP (24 h) and TPA (6 days).
The transforming effect of clofibrate and MCP (both 50-150 µM) were studied
In conclusion, MCP appeared to be a more active transin three series of assays according to the procedure described previously forming agent than clofibrate and was able to interact with (19, 37, 38) . Briefly, a feeder layer of 4-6ϫ10 4 X-irradiated (5000 rad) cells were seeded in 2 ml complete medium (pH 7) on 60 mm Petri dishes both genotoxic (BaP) and non-genotoxic (TPA) chemicals. (39) demonstrated that the SHE cell transformation assay observed positive responses with clofibrate using a procedure could reveal interactions between non-genotoxic carcinogens equivalent to our two applications of clofibrate alone. The such as chlordane and TPA. The authors explained the synerauthors obtained a transformation frequency of 1% (0.25% in gistic effects on MT by activation of protein kinase C (PKC) the control) with 50 µM clofibrate (corresponding to the following sequential exposure to chlordane and TPA. Chlordane therapeutic plasma concentration). In our study, negative results was shown to induce PKC in a calcium-dependent manner were obtained at pH 7 when clofibrate followed BaP exposure. (43) . The same mechanism could be hypothesized with MCP, These results are not in agreement with those of Mochizuki since Shackleton et al. (44) have shown that structurally et al. (40) , who showed a promoter-like activity of clofibrate; diverse PPs increased the cytosolic free calcium concentration through the redistribution of different internal calcium pools. the chemical markedly enhanced the incidence of hepatic It is difficult to explain the synergistic effects of MCP and cooperation in the V79 cell line according to the classical procedure described by Yotti et al. (51) . Inhibition of communBaP by a mitogenic activity of MCP, though its mitogenicity has been demonstrated in vivo in rat liver (45) (46) (47) connexins, whereas in SHE cells the immediate and transient effect observed is more likely due to reversible conformational These concentrations corresponded to those inducing MT of SHE colonies (50 and 150 µM respectively). As calcium is changes of the gap junctions. A transient binding of the two compounds on or in the proximity of the connexons is possible. known to induce the closure of gap junctions, the hypothesis of an increase in calcium concentration could explain both the MCP is a closely related hypolipidemic analog of clofibrate and on an equivalent weight basis, this compound appeared inhibiting effect of MCP on GJIC and its synergistic effect with TPA on MT. The 'calcium hypothesis' for the MCP-TPA to be more effective than clofibrate in inducing hypolipidemia, peroxisome proliferation (30) and hepatocarcinogenesis (7,31). interaction and the PP-induced decrease in GJIC deserves to be further investigated.
In the present study, we have shown that MCP was also more efficient than clofibrate in inducing MT and inhibiting It might have seemed better to study GJIC on the colonies formed at the end of the cell transformation assay in order to of GJIC in SHE cells, even though the difference in potency is not as high as in vivo. establish more closely the relationship between MT and GJIC. In addition to the difficulty of the measurement itself, such a Further information gained from this study concerned the amplified response in the co-treatments associating MCP with study appeared useless to us when considering the rapid recovery of GJIC within 48 h after a clofibrate or MCP BaP or to TPA, with consequences on cell homeostasis and cell transformation. These interactions involving non-genotoxic application. Though the inhibition is short, it may nevertheless have some consequences on cell homeostasis and on cell carcinogens suggest that these kinds of carcinogens, which escape in vitro screening for genotoxicity, can no longer be transformation, especially in dividing cells within SHE colonies.
neglected. This study also confirms that the SHE cells system is a useful model for in vitro detection of carcinogenicity. Besides the 'calcium hypothesis', other mechanisms could be proposed to explain the inhibition of GJIC in SHE cells by the two PPs: (i) an effect on the structure and function of
